Exopolysaccharides synthesized by lactic acid bacteria have prebiotic properties and 2 contribute to the rheology and texture of fermented foods. Here, we have standardized 3 an immunological method for the specific detection of 2-substituted (1,3)--D-glucans. 4
pH 9.8 and 5 mM MgCl 2 , Sigma) and a final incubation for 30 min at 37ºC. Then, the 20 reactions were stopped by addition of 2 N NaOH (50 µl) and the absorbance at 415 nm 21 was measured in a microtitre plate reader (BioRad model 680). 22
Phenol-sulphuric method 23
To determine the 2-substituted (1,3)--D-glucan concentration by this method, two 24 replicates of 0.5 mL culture supernatants were precipitated overnight with 1 mL ofethanol at -20ºC and sedimented by centrifugation (13,600 x g, 20 min 4ºC). The 1 precipitates were twice resuspended in 0.5 mL of distilled water and ethanol 2 reprecipitated and resedimented as described above. Finally, after resuspension in 3 distilled water, the concentration of the biopolymer present in the precipitates was 4 determined by the phenol-sulphuric method as reported by Dubois, Gilles Hamilton, 5
Rebers & Smith (1956). 6
Analysis of GTF glycosyltransferase activity 7
Membrane vesicles displaying GTF glycosyltransferase activity, were prepared from L. 0.04 to 25 mM) , 1 mM CaCl 2 , 9 mM MgCl 2 and 50 mM NaCl. These were incubated 13 for 30 min at 30ºC then the reactions were stopped by addition of 900 µl of 100% 14 ethanol. After 2 h incubation at 4ºC, samples were centrifuged at 13,226 x g at 4ºC for 15 20 min, the precipitates were air dried, and resuspended in 500 µL of PBS buffer pH 16 8.0. The reaction product was quantified by the ELISA method. The kinetic parameter, 17 apparent K m and apparent V max were determined from Lineweaver Burk plots. 18
Chemical analysis of the enzymatic reaction product 19
The neutral sugar composition and linkage type was determined using polysaccharide 20 synthesized in duplicate 1 mL reactions containing membrane vesicles (50 mg of total 21 proteins) with or without 25 mM UDP-glucose. The ethanol precipitates, after air 22 drying, were resuspended in 1 mL of distilled H 2 O plus 5 l of 10% SDS, incubated for 23 24 h. Then, 100 l aliquots containing the membrane vesicles and the reaction product 1 were hydrolyzed, acetylated and analyzed for the presence of neutral sugars by gas-2 liquid chromatography (GLC) or after methylation, hydrolysis, reduction and 3 acetylation for the determination of the structural unit of the polysaccharide by gas-4 liquid chromatography-mass spectrometry (GLC-MS) as previously described 5 (Werning, Corrales, Prieto, Fernández de Palencia, Navas & López, 2008). (Fig. 1A ) and of 9.6 6 x 10 6 Da and 3.4 x 10 4 Da for P. parvulus (Fig. 1B) . The higher molecular mass fraction 7 was the most abundant for both strains constituting, respectively, 96% and 92% of the 8 total polymer population. Both EPS preparations were used for testing as immobilized 9 β-glucans and as competitors for binding to the primary antibody. Both EPS 10 preparations were immobilized efficiently ( Fig. 2A versus Fig. 2B ) and both purified -11 D-glucans could be quantified within a range of 20 to 2500 ng mL -1 , independently of 12 the origin of the immobilized polymer (Fig. 2) . 13
Specificity of the assay 14
Using the purified -D-glucan from L. lactis (described above) as the immobilized 15 substrate, we tested the specificity of the method using three polysaccharides as 16 competitors: i) laminarin, a 6-substituted (1,3)--D-glucan (Fig. 3A) ; ii) curdlan, a 17 in MRS medium to stationary phase as described above. The cultures were then 20 centrifuged and, after removal of the supernatants, the EPS still bound to the cells were 21 released by resuspension into one volume of PBS and the bacterial cells were removed 22 by centrifugation. Then, the supernatants, after appropriate dilution in PBS, were 23 directly used in the ELISA assay. The results revealed that the 2-substituted (1,3)--Dglucan secreted by the four producing-LAB could be detected in the media used, 1 whereas only background levels were observed in the supernatants of the non-producing 2 strains (Fig. 4) . 3
To compare the inhibition enzyme immunoassay and the phenol-sulphuric method, 4 culture supernatants of L. lactis NZ9000[pNGTF] grown in DM medium and P. 5 parvulus 2.6R, Lb. diolivorans G-77 and O. oeni I4 grown in SDM medium were 6 analyzed using both methods. Only these media were tested for detection of the 2-7 substituted (1,3)--D-glucan, because the presence of other polysaccharides in M17 and 8 MRS media impairs the usage of the phenol-sulphuric method. The concentration of 2-9 substituted (1,3)--D-glucan was determined directly in the supernatants by the ELISA 10 test or in their ethanol precipitates by the ELISA and phenol-sulphuric methods (Table  11 1). Determination of the EPS concentration in the precipitates showed that for all the 12 strains tested the ELISA assay revealed a higher level of production (from 61% for Lb. range from 38% to 20% for P. parvulus 2.6R and O. oeni I4 biopolymers. These 17 differences were probably due to low molecular weight EPS that was not precipitated by 18 ethanol. Therefore, these results indicate that the ELISA method allows a more reliable 19 determination of the biopolymer after its synthesis by bacteria. a Total: concentration of the EPS was determined directly in culture supernatants.
b Precipitated: concentration of the EPS present in culture supernatants was determined after ethanol precipitation. 
